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CHAMBER FOR UNIFORM HEATING OF 
LARGE AREA SUBSTRATES 

CROSS REFERENCE RELATED PATENT APPLICATIONS 

[0001] This application claims benefit of United States Provisional Application No. 
60/469,642, filed May 12, 2003, which is hereby incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] Embodiments of the invention generally relate to an apparatus for heating 
large area substrates in a processing system. 

Background of the Related Art 

[0003] In the fabrication of flat panel displays, transistors and liquid crystal cells, 
metal interconnects and other features are formed by depositing and removing multiple 
layers of conducting, semiconducting and dielectric materials from a glass substrate. 
Processing techniques include plasma-enhanced chemical vapor deposition (PECVD), 
physical vapor deposition (PVD), etching, and the like. Plasma processing is 
particularly well suited for the production of flat panel displays because of the relatively 
lower processing temperatures required to deposit film on glass substrates and good 
film quality which results from plasma processes. 

[0004] An exemplary type of flat panel display film is amorphous silicon (a-Si), 
which is used for PDA's, cell phone displays, monitors, big screen televisions, and the 
like. A heat treatment step is required in amorphous silicon film processing to remove 
moisture from the glass substrate after deposition. For example, a heat treatment step 
for amorphous silicon film includes heating the film disposed on the glass substrate to a 
temperature of up to about 400 degrees Celsius. Thus, cluster tools configured to 
process glass substrates may include heat treatment chambers to enhance the 
properties of deposited films. 

[0005] Typically, heat treatment chambers thermally process one or more 
substrates through a combination of gas convection and heat radiation. Unfortunately, 
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as the chamber walls and other internal chamber components provide conduction paths 
within the chamber, temperature control is difficult due to heat losses and gas 
convection currents within the heat treatment chamber. This combination of heat losses 
and convection currents creates a constantly fluctuating substrate-heating environment 
that prevents uniform heating of the substrate. Additionally, as the size of glass 
substrate is increased, the heat loss and convection current effects on substrate heating 
uniformity become more pronounced, which results in non-uniform temperature across 
the width of a single glass substrate, along with substrate to substrate variation, which 
impedes process repeatability. 

[0006] Moreover, heat treatment chambers are often very big to accommodate the 
long edges of the large area substrate further exacerbating the heating issues by 
increasing the area and volume to be heated. For example, as the demand for larger 
computer displays, monitors, flat-screen televisions, and the like increases, the sizes of 
large area glass substrates upon which these devices are fabricated have increased 
from about 500 x 650mm to about 1500 x 1800mm over just a few years, and are 
envisioned as even larger. As these long substrate edges have faster rates of heat loss 
as compared to the center of the substrate, uniform heating of these increasingly larger 
area substrates is particularly difficult to achieve. Thus, traditional heat treatment 
chambers and heating processes do not provide acceptably uniform substrate heating 
for an efficient and cost effective heating process. 

[0007] Therefore, there is a need for an improved apparatus for uniform heat 
processing of a plurality of substrates in a processing system. 

SUMMARY OF THE INVENTION 

[0008] Embodiments of the present invention generally provide an apparatus for 
providing a uniform thermal profile to a plurality of large area substrates during thermal 
processing. In one embodiment, an apparatus for thermal processing large area 
substrates includes a chamber having a plurality of processing zones disposed therein 
that are coupled to a lift mechanism. The lift mechanism is adapted to vertically position 
the plurality of processing zones within the chamber. Each processing zone further 
includes an upper heated plate, a lower heated plate adapted to support a first substrate 
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thereon and an unheated plate adapted to support a second substrate thereon, wherein 
the unheated plate is disposed between the upper and lower heated plates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] So that the manner in which the above recited features, advantages and 
objects of the present invention are attained and can be understood in detail, a more 
particular description of the invention, briefly summarized above, may be had by 
reference to the embodiments thereof which are illustrated in the appended drawings. 
[0010] It is to be noted, however, that the appended drawings illustrate only typical 
embodiments of this invention and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally effective embodiments. 
[0011] Figure 1 is a plan view of a processing system including a heat treatment 
chamber of the present invention; 

[0012] Figure 2 is a perspective view of one embodiment of a heat treatment 
chamber; 

[0013] Figure 3 is a vertical sectional view of the heat treatment chamber of Figure 

2; 

[0014] Figure 4A is a plan view of one embodiment of a heated plate; 

[0015] Figure 4B is a partial sectional view of the heated plate of Figure 4A; and 

[0016] Figure 5 is a perspective view of one embodiment of a heated shelf. 

[0017] It is to be noted, however, that the appended drawings illustrate only typical 

embodiments of this invention and are therefore not to be considered limiting of its 

scope, for the invention may admit to other equally effective embodiments. 

DETAILED DESCRIPTION 

[0018] Embodiments of the invention have particular advantages in a multi- 
chamber processing system, also known as a cluster tool, commonly used in the 
semiconductor industry and well suited for supporting a substrate heat treatment 
chamber described herein. A cluster tool is a modular system comprising multiple 
chambers that perform various functions that may include substrate heating, center- 
finding and orientation, degassing, annealing, deposition and/or etching. The multiple 
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processing chambers are mounted to a central transfer chamber which houses a robot 
adapted to shuttle substrates between the processing chambers. The transfer chamber 
is typically maintained at a vacuum condition and provides an intermediate stage for 
shuttling substrates from one chamber to another and/or to a load lock chamber 
positioned at a front end of the cluster tool. 

[0019] Figure 1 is a plan view of an exemplary processing system 100 for 
semiconductor processing having a heat treatment chamber 120 of the present 
invention. The processing system 100 generally comprises a plurality of processing 
chambers 114 circumscribing a central transfer chamber 104 and includes a controller 
102 programmed to provide instructions that enable the processing system 100 to 
perform substrate transfers and various processing functions performed by the system 
100. A factory interface or front-end environment 106 is positioned in selective 
communication with a load lock chamber 108. Pod loaders (not shown) disposed in the 
front-end environment 106 may be capable of linear, rotational, and vertical movement 
to shuttle substrates between the load lock chamber 108 and a plurality of pods 
mounted on the front-end environment 106. 

[0020] The load lock chamber 108 provides a first vacuum interface between the 
front-end environment 106 and a transfer chamber 104. In one embodiment, several 
load lock chambers 108 may be stacked to provide increased throughput by 
alternatively communicating with the transfer chamber 104 and the front-end 
environment 106 to allow processed and unprocessed substrates to be transferred 
through the respective chambers 108. 

[0021] A robot 112 is centrally disposed in the transfer chamber 104 to transfer 
substrates between the load lock chamber 108, the heat treatment chamber 120 and 
the various processing chambers 114 circumscribing the transfer chamber 104. The 
processing chambers 114 may be adapted to perform any number of processes such as 
amorphous silicon deposition, physical vapor deposition, chemical vapor deposition, 
and etching, among other processes. 

[0022] The heat treatment chamber 120 is used to thermally treat substrates by 
processes such as moisture removal, annealing, preheating and the like. The heat 
treatment chamber 120 may be coupled to the transfer chamber 104 at the most 
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efficient position for processing, but may alternatively be located anywhere within 
processing system 100. For example, a heating process step performed in the heat 
treatment chamber 120 may follow a deposition process step performed in one of the 
processing chambers 114 furthest from the load lock chamber 108. Therefore, to 
minimize the movement of the robot 112 when transferring a substrate between the 
deposition and heating steps, the heat treatment chamber 120 may be located adjacent 
to one of the processing chambers 1 14 used for the deposition process step. 
[0023] Figure 2 is a perspective view of one embodiment of a heat treatment 
chamber 120 comprising an upper section 215 (e.g., upper bell jar) and a lower section 
217 (e.g., lower bell jar) sealingly coupled by a connecting body 230 having a loading 
window 235. In one embodiment, the upper and lower sections 215, 217 may be 
symmetrical and coaxial with the connecting body 230. 

[0024] The heat treatment chamber 120 is supported on a mounting frame 255 to 
provide support for the upper section 215 and lower section 217. The mounting frame 
255 is coupled to rotatably mounted casters 245, 246, and 247 on a lower end for 
moving the heat treatment chamber 120. The mounting frame 255 may be attached to 
the heat treatment chamber 120 and connecting body 230 by conventional fastening 
means such as bolts, clamps, welding or other fastening methods. While the heat 
treatment chamber 120 is shown mounted on frame 255, the heat treatment chamber 
120 may alternatively be mounted to and supported by the transfer chamber 104 using 
fasteners such as screws, bolts, clips, and the like. 

[0025] In one embodiment, a thermal insulating layer 122 (shown in phantom in 
Fig. 1) may be used to enclose, or wrap, the heat treatment chamber 120 to minimize 
heat loss from the heat treatment chamber 120. The thermal insulating layer 122 may 
comprise insulators such as fiberglass, ceramic fiber, asbestos, and the like. In one 
embodiment, the insulating layer 122 comprises a flexible insulating ceramic fiber 
blanket having a thermal conductivity of less than about 0.035 watt/m-degree Kelvin and 
stabilizes at a surface temperature of about 30 degrees Celsius. 

[0026] Figure 3 is a vertical sectional view of the heat treatment chamber 120. The 
upper section 215, lower section 217 and a connecting body 230 of the heat treatment 
chamber 120 define a cavity 307 for heating a plurality of substrates 128 therein. The 
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upper, lower sections 215, 217 and body 230 may be fabricated from materials such as 
aluminum, steel, nickel, cast iron, and the like. The lower section 217 includes a gas 
inlet 360 for delivery of processing gases into the cavity 307. A vacuum pump (not 
shown) is coupled to the cavity 307 through a vacuum port 392 to control the pressure 
within the cavity 307. 

[0027] A substrate cassette 310 is moveably disposed within the cavity 307 and is 
coupled to an upper end of a shaft 330. The shaft 330 is slidably and sealably disposed 
through the bottom of the lower section 217 and is raised and lowered by a lift 
mechanism 320. The shaft 330 vertically moves the cassette 310 within the cavity 307 
to align selected substrates 128 retained in the cassette 310 with the window 235. The 
substrate 128 aligned with the window 235 may be moved out of the cassette 310 by 
the robot 113. Substrates are returned to the cassette 310 in a similar fashion. 
[0028] The cassette 310 includes a plurality of lateral plates 302, 304 supported by 
a frame 325. The lateral plates 302 are unheated while the lateral plates 304 are 
heated. In one embodiment, at least one of the unheated lateral plates 302 are 
disposed between each pair of heated lateral plates 304. In this configuration, each pair 
of heated lateral plates defines a temperature controlled processing zone 306. As each 
of the plates 302, 304 (except the uppermost heating plate) supports one substrate 128, 
each zone 306 is configured to accommodate at least two substrates. Although Figure 
3 illustrates five (5) processing zones 306 within cassette 310, any number of 
processing zones 306 may be provided. 

[0029] Each of the plates 302, 304 are connected by brackets 317 on opposing 
ends to the frame 325. The brackets 317 may be attached to both the frame 325 and 
plates 302, 304 using adhesives such as pressure sensitive adhesives, ceramic 
bonding, glue, and the like, or fasteners such as screws, bolts, clips, and the like. The 
frame 325 and brackets 317 may be fabricated from materials such as aluminum, steel, 
nickel, cast iron, and the like. While the frame 325 and brackets 317 may be separate 
items, it is contemplated that the brackets may be integral to the frame 325 to form 
support members for the plates 302, 304. While it is shown that the plates 302, 304 are 
conformal and slightly larger than the substrates to maximize heating efficiency and 
temperature uniformity in each zone 306, it is contemplated that the plates 302, 304 
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may be of any shape adapted to provide desired substrate heating. 
[0030] In the embodiment depicted in Figure 3, the processing zones 306 are 
spaced vertically apart and substantially parallel within the cassette 310. Each 
processing zone is adapted to heat two substrates 128 therein, a first substrate 
supported on a lower heated plate 304 of the zone 306, and a second substrate 
supported on an unheated plate 302 positioned in the vertical center of the zone 306. 
The heated plates 304 above and below the two substrates 128 disposed in the 
processing zone 306 establish the upper and lower boundary of the zone 306 such that 
only one side of each substrate 128 is facing one of the heated plates 304 while the 
other side of the substrate faces an unheated plate 302. In one embodiment, the upper 
and lower boundaries of the zone 306 (i.e., the adjacent heated plates 304) are 
equidistant from the unheated plate 306 in order to ensure uniform heating of the 
substrates within that zone 306. To ensure heating of the top substrate in the cassette 
310, the upper boundary for the top processing zone 306 is a heated plate 304 that 
does not support a substrate. Figures 4A-B are top plan and partial sectional views of 
one embodiment of the heated plate 304. The heated plate 304 includes a plurality of 
support pins 402 extending therefrom, spacing and supporting the substrate 128 (shown 
in phantom in Figure 4B) thereon in a spaced-apart relation to an upper surface 404 of 
the plate 402. In one embodiment, four support pins 402 are spaced substantially 
uniformly around the perimeter of the heated plate 304 to support the outer periphery of 
the substrate 128 and two support pins (not shown) adjacent the middle of the plate 304 
to support the center of the substrate. It is also contemplated that any number of 
support pins 402 may be used in any configuration adapted to support the substrate 
128. The supporting pins 402 may be fabricated from thermal insulators such as 
polymers, ceramics, and the like, with a cross-section adapted to minimize contact with 
the substrate 128 and to prevent conduction between the heated plate 304 and the 
substrate 128. Alternatively, supporting pins 402 may be fabricated from conductors, 
such as steel, aluminum, nickel and the like, having a sufficiently small sectional area to 
minimize conduction between the substrate 128 and the heated plate 304. In one 
embodiment, the support pins 402 have a pointed tip 486 to minimize contact with 
substrate 128, but may alternatively have other tip geometry and cross-section, such as 
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a rounded tip, square tip, flat tip, and the like. 

[0031] The heated plate 304 includes at least one plate heater 406. The heater 
406 may be disposed within a layer of thermally and electrically insulating material such 
as fiberglass, glass, ceramic, asbestos, and the like. The plate heater 406 may be a 
resistive heating element, a radiant lamp, a conduit for circulating a heat transfer fluid, 
and the like. In the embodiment depicted in Figures 4A-B, the plate heater 406 is a 
resistive heating element coupled through connectors 408 to a power source (not 
shown). 

[0032] Typically, the temperature across the substrate surfaces varies as a function 
of the substrate body heat migration due to convection and conduction within the 
chamber 120, proximity to the heated plate 304, the support pins 402, the plate heaters 
406, and the overall thermal profile within the cavity 307. In one embodiment, the plate 
heater 406 is patterned to provide a radiant heating profile to match and compensate for 
substrate thermal losses, i.e. the substrate heat loss profile. For example, the plate 
heater 406 illustrated in Figure 4A has a greater density (i.e., greater heating capacity) 
near the corners and along the edges than in the middle of the heated plate 304, 
thereby providing more concentrated heat to the corners and edges of the substrate 128 
where a substantial amount of heat loss occurs. Although heat typically tends to radiate 
from the substrate edges, it is contemplated that the patterned heating profile may be 
adapted to encompass any variation in the substrate heat loss profile. For example, the 
plate heater 406 may be adapted to provide a variable amount of heat output by varying 
its size, spacing, resistivity, illumination, input power, and the like, to more closely fit the 
substrate heat loss profile. Additionally, as the heated plate 304 is spaced from the 
substrate 128 by the support pins 402, the heat radiated between the lower surface of 
the substrate 128 and upper surface of the heated shelf 304 intermixes before heating 
the substrate 128, thereby minimizing the effect of any hotspots which may be present 
in a given plate heater configuration. Alternatively, it is contemplated that the substrate 
128 may be laid directly on a heated plate 304 with plate heater 406 adapted to 
substantially match the substrate heat loss profile. 

[0033] Figure 5 is a top perspective view of another embodiment of a heated plate 
504. The heated plate 504 is configured similar to the heated plate 304, except that the 
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plate 504 includes a plurality of heating zones distributed laterally across the heated 
plate 504 to provide additional resolution to the heating profile of the heated plate 504. 
[0034] The heated plate 504 includes at least one plate heater. In the embodiment 
depicted in Figure 5, first and second outer plate heaters 506A, 506B and first and 
second inner plate heaters 506C, 506D are shown and collectively referred to as plate 
heaters 506. The heaters 506 may be disposed within a layer of thermally and 
electrically insulating material such as fiberglass, glass, ceramic, asbestos, and the like, 
and may comprise resistive heaters, radiant lamps, conduits for transferring a heat 
transfer flu id, and the like. 

[0035] In one embodiment, the plate heaters 506 are patterned to provide a radiant 
heating profile to match and compensate for substrate thermal losses, i.e. the substrate 
heat loss profile. For example, the outer plate heaters 506A, 506B illustrated in Figure 
5 are spaced closer together (e.g., has greater heating density) near the corners and 
along the center than in the middle of the heated plate 504, while the inner plate heaters 
506C, 506D are less densely spaced, thereby providing more concentrated heat to the 
corners and edges of the substrate 128 where a substantial amount of heat loss occurs. 
[0036] Alternatively, the plate heaters 506 may be adapted to provide a variable 
amount of heat output by varying their size, spacing, resistivity, illumination, input 
power, and the like to more closely fit the substrate heat loss profile. For example, 
greater power may be applied to the outer plate heaters 506A, 506B than the inner 
heaters 506C, 506D. 

[0037] In one embodiment, the heated plate 504 may be fabricated from one or 
more plate elements to further control the heat transfer attributes of the heated plate 
504. In the embodiment depicted in Figure 5, the heated plate 504 is fabricated from a 
first plate 520 and a second plate 522 that meet along a seam 524. The reduced heat 
transfer between the plates 520, 522 across the seam 524 enables multi-zone 
temperature control to be realized. The plates 520, 522 may be flush when defining the 
seam 524, or the seam 524 may include a gap. Since heat loss of a surface of the heat 
treatment chamber 120 that is coupled to the transfer chamber 104 may be different 
from the other side where no mating surface exists, for example, the portion of the 
heated plate 504 adjacent the portion of the connecting body 130 having the window 
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235 which mates with the transfer chamber 104, the multi-zone temperature control on 
each heated plate 504 achieves improved thermal uniformity over conventional designs. 
In addition, since heat loss of upper and lower sections of the heat treatment chamber is 
different, temperature set of one heated plate 504 may be different than another heat 
plate 504 positioned in a different elevation within the cassette 310. Multi-processing 
zone temperature control with independent temperature control across the heated plate 
504 enables efficient use of heaters that reduce the system cost without sacrificing 
thermal uniformity performance. 

[0038] Each of the plates 520, 522 may include one or more slots 526 formed 
therethrough. The slots 526 prevent conduction between adjacent portions of each 
plate 520, 522 to further control the temperature distribution and heating of the 
substrate by the heated plate 504. 

[0039] It is contemplated that the use multi-zone temperature control may be 
realized in the embodiment of Figures 4A-B through the use of multiple plate members 
or slots in the heating plate, or combinations thereof. It is also contemplated that the 
unhealed plate 302 may augment the zonal temperature control through the use of 
multiple plate members or slots in the unheated plate, or combinations thereof, in any of 
the above embodiments. 

[0040] In one embodiment of a mode of operation, the heat treatment chamber 120 
heating process is initiated by the robot 112 placing the substrate 128 via window 235 
on a heated plate member 504 (or an unheated plate 302). The chamber 120 is 
evacuated through the port 392 to a vacuum level of about 0 to about 0.5 Torr while a 
process gas such as nitrogen or other inert gas is flowed into chamber 120 through the 
gas inlet port 360. The substrates 128 in each zone 306 defined in the cassette 310 are 
thermally treated via heaters 506 disposed on the heated plates 304 to heat the 
substrates to a temperature of about 420 degrees Celsius. The substrates 128 are 
generally maintained at about plus or minus 20 degrees Celsius of about 420 degrees 
Celsius across the width. 

[0041] Thus, various embodiments of an apparatus for thermally treating a 
substrate have been provided. The efficient use of zone heating both in the cassette 
and on the heated plates provides a uniform substrate temperature profile that 
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enhances substrate processing and process repeatability. Moreover, the improved 
substrate heating allows for less heated plates per substrate to be utilized in a cassette, 
thereby reducing systems hardware costs and complexity. 

[0042] While the foregoing is directed to the preferred embodiment of the present 
invention, other and further embodiments of the invention may be devised without 
departing from the basic scope thereof, and the scope thereof is determined by the 
claims that follow. 
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